Endophyte (Acremonium cotnophiaJum Morgan-Jones et Gams) -Infected tall fescue (Festuca arundinacea Schreb.) produces ergopeptiDe alkaloids (EP) that may be associated with fescue toxicosis symptoms in cattle (B03 taurus). A study was conducted during 1983 and 1984 at Watkinsville, GA, to determine the effects of endophyte infection, season, and N fertilization on EP concentration and Steer average daily gain (ADG) in grazed O.7-ha tall fescue paddocks. Treatments included iow (LF) and high (HF) endophyte infectioo frequency lKentucky-31' (KY·31) tall fescue fertilized with 134 or 336 kg N ha -I (2x2 factorial) replicated three times. The cuJtivars AU Triumph and Johnstone were also evaluated. Animals were managed using put-and-take grazing system. Ergopeptine alkaloid concentration (ergovaline was 80% of total) was greater in HF KY3 1 than LF KY·31 in both years. Peak ergovaline concentrations occurred In spring and again in autumn (1984) when concentrations in HF KY·31 approached 1 mk kg-I. Mid·summer concentrations were about one-third the autumn maximum Cor HF and LF KY~31.
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Nitrogen fertilization had minimal effect on ergovaline concentration in the spring·summer of 1983 but increased concentrations in LF KY-31 in 1984. Ergopeptine alkaloids were not detected in endophyte-free AU Triumph~and were detected in low amounts « 0.1 mg kg -I) in a pre-varietal release of Johnstone containing 7 to 10% endophyte. Increased ergovaline was associated with decreased ADG in the spring·summer of 1983 and 1984; howel'er, there was no sig. nificant association between ergovaline and ADG when the entire (April-December) 1984 growing season was considered, suggesting that ergopeptine alkaloids may operate in conjunction with other environmental and nutritional factors to elicit fescue toxicosis symptoms.
Additional Index Words: Acremonium coenophiaJum. Fesluca arundinacea, Ergol'aline. "Kentucky·31'. "AU Triumph', 'Johnstone" Nitrogen fertilization. Endophyte infection frequency, Average daily gain, Fescue toxicity. T HE OCCURRENCE of ergotism-like symptoms in cattle grazing tall fescue has been the subject of much speculation and investigation. Maag and Tobiska (1956) observed that tall fescue pastures produced lameness in cattle and that the symptoms were strikingly similar to those of gangrenous ergotism. Ergot sclerotia of the fungus Claviceps purpurea (Fries) Tul. were not present on the tall fescue piants; how-. ever, positive chemical evidence for ergot alkaloids was detected. The observations led Maag and Tobiska (1956) to deduce that ergot-like fungi were capable of growth and development in grass hosts in some fonn other than the customary ergot habit of ovarian parasitism. In fact, the lack of ergot sclerotia on tall fescue plants caused Cunningham (1949) to reject the involvement of Clavicipitaceae in tall fescue toxicity in New Zealand, even though evidence for "ergot poisoning" was very convincing.
Factors invoived in manifestation of tall fescue toxicosis continued to elude researchers until Bacon et aI. (1977) idernified and impiicated a clavicipitaceous endophytic fungus, Epichloe Iyphina (Pers) TuI., growing in association with tall fescue from pastures supporting cattle with fescue toxicity symptoms. The endophyte has since been reclassified as Acremonium 209 coenophialum (Morgan-Jones and Gams, 1982) . Hoveland et aI. (1980 Hoveland et aI. ( , 1983 confirmed involvement of the fungus with impaired animal perfonnance through observations of animal's grazing endophyteinfected and noninfected tall fescue pastures.
Isolates of E. typhina from Kentucky-3l (KY-31) ':lall fescue, with demonstrated cattle toxicity, produced ergot aikaloids under iaboratory conditions (Porter et aI., 1979) . Ergopeptine (EP) alkaloids have also been detected in endophyte-infected tall fescue plants from field (Yates et aI., 1985) and controlled environment studies (Lyons et aI., 1986) . The principle EP alkaioid fonn detected in both instances was ergovaline, a fonn not detected in any significant quantity in C. purpurea.
The involvement of environmental and management factors such as cold weather and high rates ofN fertilizer applied to stockpiled tall fescue, with the occurrence of fescue foot has been described by Gamer and Cornell (1978) . The distinct seasonal occurrence of fescue foot implies that biologically active compounds in tall fescue may increase or change in fonn, thereby enhancing toxicity during certain periods of the grazing season. Such changes may operate in conjunction with environmental stresses on the grazing animal. The influence of season on levels of ergopeptine alkaioids in tall fescue has not been reported. Lyons and Bacon (1984) showed an increase in EP concentration in controlled-environment grown tall fescue as a result of N fertilization; however, an EP concentration response to fertilizer N has not been demonstrated with field-grown material.
A study was designed to evaiuate grazing animal perfonnance on KY-3l tall fescue, a widely grown tall fescue cuitivar, as influenced by endophyte infection frequency (ElF) and N fertilizer. The new endophytefree tall fescue cuitivar, AU Triumph, and a iow endophyte pre-varietal release of Johnstone were also evaluated. The plant materials used in the grazing study provided a framework to address: (i) the occurrence and quantity of EP in tall fescue paddocks as influenced by endophyte levels; fertilizer N, and season; and (ii) the relationship of EP concentrations and animal average daily gain (ADG).
MATERIALS AND METHODS
Eighteen 0.7-ha tall fescue paddocks were established (22 kg seed ha ") in the autumn of 1981 on a Cecil sandv loam (clayey. kaolinitic. thermic Typic Hapludu!t) soil 'at the Southern Piedmont Conservation Research Center. Watkinsville. GA.
Soil pH, p. and K were amended as necessary to meet or exceed soil test recommendations, Nitrogen fertilizer was applied in three equal applications in February, late-April. and late-August each year for total rates of 134 (low) or 336 (high) kg N ha " Phosphorus and K were applied in spring each year to provide a 4-0,4-1.7 N-P-K fertilizer relatIonship, Forage availability was maintained at approximoteiy 1800 kg dry matter ha -, (assessed visually and with foroge collected at ground level from six 20-cm' areas in each paddock) in a put-and-take animal grazing management with steer numbers adjusted biweekly, Paddocks were treated as the experimental units and laid out in a randomized complete-block design_ Four paddocks ofKY-31 tall fescue, which corresponded to a 2 X 2 factorial representing all combinations oflow «7%) and high (80%) fungal infection based on seed source ElF with low and high N fertilizer levels, were randomly allocated within each of three blocks. Three paddocks of Johnstone and AU Triumph (each receiving 134 kg N ha-') were established and evaluated. Details of seed Source and paddock ElF data are presented in Belesky et al. (1987) .
Tall fescue tissue samples were collected from each of three replicate paddocks at 4-wk intervals during the spring and early summer of 1983 and over the entire 1984 growing season. Random samples of all tissues above a 3 to 4-cm stubble were collected; however, care was taken to avoid fence areas, animal facilities, and dung-urine spots. Endophyte infection frequency was determined by examining 30 tillers per paddock at each sampling. Stem 'bases were longitudinally sectioned and stained by steeping tissue in 1% aniline blue in 85g (85% in H,O, v/v) lactic acid (2:1) diluted 50:50 with distilled H,O and examined at lOOX by light microscopy. Endophyte infection frequency was expressed as a percentage of infected tillers relative to the total number examined (Clark et al_, 1983) .
Plant tissue samples for EP alkaloid analysis were quickfrozen in liquid N, lyophilized. and ground to pass a I-mm screen. Dry. I-grn samples were extracted for 3 h with 100 mL chloroform and ammonium hydroxide (99: 1) in stoppered Erlenmeyer flasks on a wrist-action shaker. The extract was filtered and I-ILL aliquots analyzed by tandem mass spectrometry. Additional details regarding mass spectrometry/mass spectrometry technique may be found in Yates et al. (1985) .
An analysis of variance was conducted to examine treatme~t effects on EP concentration across and within dates in both vears. Treatment effects across date were analyzed as a splii-block design. with date representing split block (Steel and Torrie, 1960 ). Treatment effects were tested for significance using a block-within-treatment error term. The interaction of treatment and date was tested using residual error. The within-date analysis was conducted as a randomized complete block. Linear regression was used to determine possible relationships between ElF, EP, and ADG. Models were fit separately wi thin each year and across the complete 1984 growing season on mathematically smoothed data (Snyder, 1980) . RESULTS A1'lD DISCUSSION Ergovaline represented more than 80% of the EP extracted from tall fescue tissue. Other EP residues detected were identical to those reported by Yates et al. (1985) and did not vary relative to ergovaline regardless of treatment; consequently. only ergovaline data will be presented and discussed. Ergovaline concentrations were significantly (P<O.O I) greater in HF KY-31 than LF KY-31 in the spring-summer growth of 1983 and 1984 (Table 1) . Concentrations of ergovaline tended to be greater in 1984 than 1983. Ergovaline concentration increased at anthesis (around day 150) in both years. Increases in ergovaline concentrations were noticeable in both LF and HF in 1984 but only in HF in 1983 (Table I ). Minimal differences in ergovaline concentrations between LF and HF in 1983 may be due to the relatively immature state of the tall fescue-fungal endophyte association. Belesky et al. (1987) have shown that the ElF of paddocks in this study changed with time. Furthermore, no reliable method was available at the time to quantitate fungal mass as opposed to simply characterizing ElF. Consequently. plants in 1984 could conceivably have greater fungal mass with a resultant greater EP pro- (Snyder, 1980) . duction capability even though actual ElF did not change significantly from 1983. Ergopeptine alkaloids were not detected in AU Triumph, an endophyte-free cultivar, at any time during the 1983 and 1984 growing season. A pre-varietal releas~of Johnstone with relatively low ElF « 10%) contamed low «0.05 mg kg-') ergovalme over the dates analyzed (data not shown). The absence or low level of endophyte in AU Triumph, endophyte-free KY-31, and Johnstone, and the resultant absence or low level of detectable ergovaline in grazed plants of these cultivars substantiates observations by Lyons et aI. (1986) and Yates et aI. (1985) regarding the necessity of fungal presence or involvement in ergopeptine alkaloid occurrence. Lyons et al. (1986) showed that very high rates of N increased ergopeptine alkaloids when compared to minimal N inputs. Situations described by Lyons et al. (1986) could occur in grazed paddocks in urine patches, since N intake can be concentrated in urine and excreted N could be localized in high concentration on limited areas of pasture. Application of 336 kg N ha -, (a threefold increase relative to 134 kg N ha -') in our study was associated with significantly increased ergovaline concentration in LF KY-31 in 1984, while LF KY-31 was not affected in 1983 (Table  I ). The ergovaline concentrations ofHF KY-31 were not significantly influenced by N in either 1983 or 1984.
Ergovaline concentrations of HF KY-31 were significantly greater than LF KY-31 when both were fertilized at 336 kg N ha -, during the 228-d 1984 growing season (Fig. 1) . Ergovaline concentrations were at least twice as great in HF than LF for most of the season and actually approached a fourfold difference in late autumn, exceeding 1.0 mg kg-'. Endophyte infection frequencies of HF and LF paddocks remained relatively constant over the 1984 growing season and were almost three times as great in HF as LF (Belesky et aI., 1985) . Two distinct ergovaline concentration peaks occurred during the 1984 growing season, suggesting environmental or hormonal mediation of host-endophyte activity and resultant ergovaline metabolism, The significant depression of ergovaline concentration in summer relative to spring and autumn peaks may be related to production of photo-oxidation metabolites of ergosterold compounds such as ergosterol peroxide, a toxic non-alkaloid product observed by Davis et aI. (1986) in A. coenophialum infected tall fescue. High light intensities, which could occur in the southeastern United States during summer, are necessary to elicit the production of ergosterol peroxide. Ergosterol peroxide was not determined in our study. The occurrence of light-mediated fungal products in conjunction with photoperiod-mediated animal hormone responses attests to the complexity of resolving hostendophyte toxicity to grazing animals. Quantification ofgrazing animal response to tall fescue toxicity is difficult, since not only does plant composition vary seasonally in terms of nutritive quality and toxic products, but environmental factors may influence animal response as well. In addition, increased fungal mass or presence in a plant community may not necessarily result in increased toxin production. While a grazing animal weighing 375 kg could ingest 10 kg herbage dry matter containing 10 mg ergovaline, especially during autumn. the clinical toxicity and dosage required to elicit observed fescue toxicity responses are unknown. Hoveland et aI. (1983) reported that crossbred steers grazing low endophyte «5% plants infected) tall fescue had 66% greater ADG than animals grazing high endophyte (94% infected) paddocks. Thus, one estimate of animal response may be calculation of grazing animal ADG. Linear models of ergovaline to predict ADG were fit within each date of the 1983 and 1984 spring-summer growth period. Animal ADG tended to decrease with increasing ergovaline for each measurement period, significantly in the last period of 1983 and the first three periods of 1984 (Table 2) Our investigation showed lhat EP levels varied in endophyte-infected tall fescue during the spring-summer of 1983 and 1984 and across the entire 1984 growing-grazing season. Endophyte-free plants were devoid of EP, while pasture samples comprised of material represented by relatively low ElF had less EP than high ElF material. A comparison ofEP relative to ElF shows unit of EP per unit of ElF to be about 30% greater in 1984 than 1983 for both LF and HF KY-3I paddocks. (Data not shown. Calculations bsed on EP averaged over dates and N levels within each ElF in each year.) Application of 336 kg N ha -I increased EP per ElF relative to 134 kg N ha -I by 60% in 1983 and 80% in 1984. Simple EP concentration response to N was minimal. No reliable measure of mycelial mass or endophyte metabolic activity was available;' however, the increased plant growth and resultant grazing animal carrying capacity (Stuedemann et aI., 1985) of 336 kg N ha -1 KY-31 paddocks may have contributed to enhanced EP production per unit of ElF. Increased EP was associated with decreased ADG, but the relationship was not consistently expressed for each time in terval measured over the course of our study. Ergopeptine alkaloids may function in an insidious or latent manner in the grazing animal requiring additional environmental or nutritional stresses (operating upon the plant or animal), or both, to elicit clinical symptoms of fescue toxicity.
